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(54) Bleed valve system 


(57) The invention is a valve system particularly 
useful as a bleed valve system in a gas turbine engine. 
The valve system includes a valve ring or partition (44) 
that bounds a plenum (52). The valve ring has a set of 
two or more fluid flow regulating apertures (46), and one 
or more chains (60L, 60R) of metering plates (56). Each 
metering plate is pivotably supported relative to one of 
the apertures (46) to regulate fluid flow through the ap- 


erture. A coupling system that includes a series of trans- 
fer links (76) extending between neighboring metering 
plates successively conveys pivotal motion and angular 
orientation from each metering plate to the successive 
metering plate in the chain. An actuation system (90) 
includes a drive system (94) responsive to an actuator 
(92) for governing the angular orientation of the meter- 
ing plates. 
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[0001] This invention relates to valve systems for reg- 
ulating fluid flow from a plenum, and particularly to a 
bleed valve system for diverting a working medium gas 
from a flowpath in a gas turbine engine. 
[0002J Gas turbine engines, such as those used for 
aircraft propulsion, typically include a bleed valve ar- 
rangement for diverting pressurized working medium 
fluid from a main flowpath. One common use of such a 
valve arrangement is to channel fluid, as necessary, 
from the engine's primary flowpath to a coannular sec- 
ondary flowpath to temporarily improve the aerodynam- 
ic stability of the engine's compression system. 
[0003] One general type of bleed valve arrangement 
is exemplified by U.S. Patents 4,715,779 to Suciu and 
3,638,428 to Shipley et al. In those arrangements the 
upstream edges of a series of circumferentially distrib- 
uted doors are pivotably hinged to a frame, and a me- 
chanical linkage extends from each door to a unison 
ring. Actuating means such as a mechanical actuator or 
a hydraulic motor are provided to displace the unison 
ring circumferentially thereby opening or closing the 
doors in parallel. However actuation forces can cause 
the unison rings or mechanical linkages to elastically de- 
flect thereby compromising the capability to accurately 
position the doors. The unison rings are also susceptible 
to binding, especially if they become distorted as a result 
of nonuniform thermal expansion or aircraft manoeuvre 
loads. Moreover, net fluid pressure acting against each 
door produces a moment about the door hinge that must 
be overcome by the actuating system. Since the mag- 
nitude of the moment can be considerable, the actuating 
system components must be correspondingly bulky and 
heavy - characteristics that are clearly undesirable in 
aircraft engines. 

[0004] Another type of widely used bleed valve ar- 
rangement is described in U.S. patent 4,827,71 3 issued 
to Peterson et al. In the disclosed arrangement, a valve 
ring is guided in a spiral motion between longitudinally 
spaced apart open and closed positions thereby con- 
trolling the flow of working medium gas through an array 
of circumferentially distributed passages. In the closed 
position, a pair of surfaces on the valve ring engages a 
corresponding pair of resilient seals to minimize leakage 
through the passages. Despite the many merits of this 
arrangement, deterioration and wear gradually degrade 
the effectiveness of the seals and diminish engine effi- 
ciency. Moreover, many of the components of the valve 
assembly are not readily accessible for repair or re- 
placement without substantial engine disassembly. 
[0005] The above described bleed valve arrange- 
ments may also not be readily adaptable to the newest 
generation of large diameter high thrust turbine en- 
gines. These newer generation engines operate at high- 
er pressures and temperatures than their older genera- 
tion counterparts. The higher pressures would amplify 
the pressure induced moment about the door hinges of 


the arrangements attributable to Suciu and to Shipley et 
al., and the highertemperatures would lead to markedly 
accelerated deterioration of the resilient seals used in 
the bleed valve attributable to Peterson, et al. 
5 [0006] According to the invention, a valve system for 
regulating fluid flow is provided which includes a parti- 
tion having a set of flow regulating apertures therein, a 
plurality of pivotably supported metering plates, each 
metering plate cooperating with one of the flow regulat- 
10 ing apertures to regulate fluid flow therethrough, a cou- 
pling system successively coupling together the meter- 
ing plates to form one or more chains of metering plates, 
each metering plate being a member of one of the 
chains, and an actuation system for governing the an- 
1 $ gular orientation of the metering plate members of each 
chain. 

[0007] In particular the invention provides, in a pre- 
ferred embodiment, a valve system for regulating fluid 
flow through a set of apertures via a chain of succes- 
20 sively coupled metering plates, each of which is pivota- 
bly supported to cooperate with one of the apertures, 
and an actuation system that governs the angular ori- 
entation of one of the metering plates in the chain, there- 
by establishing the angular orientation of the remaining 
25 metering plates in the chain. 

[0008] In a preferred embodiment of the invention, the 
metering plates are successively coupled together by 
rotary transfer (inks that extend between neighboring 
metering plates and are connected to the plates by uni- 
30 versal joints or other compliant connectors. The angular 
orientation of one of the metering plates in the chain is 
successively transferred to the other plates in the chain 
by way of the transfer links. 

[0009] In one embodiment of the invention, the me- 
35 tering plates arc supported by trunnions situated so that 
fluid pressure acting on the plates produces a moment 
about the trunnions mat gently biases the plates toward 
a preferred oncn: rt :on The gentle bias failsafes the 
valve system p-e'erred direction without imposing 
^0 undue burdens c notuation system during normal 
operation in n-.r- o- c— oodiment. the plates are aero- 
dynamicaliy co-t ..-p- :d compensate for a reduction in 

the orientina m r .-. f . oc Curs as t h e metering plates 

pivot towarc v • r;.o- mentation. 

45 [0010] A c-^' . — segment of the invention will 

now be dese : r. * o' example only, and with ref- 
erence to tnr ,t , drawings, in which: 
[0011] Frav , ,jr v ow of a typical turbofan gas 
turbine enp-..- ■ r,r. of the engine case broken 
^o away to expo... : vernal features. 

[0012] Fiq^-. . . „• . — ..,'Qca view of a portion of Fig- 
ure 1 showm:; * , « lV :-:cm according to the present 
invention wnr. n pirilc , n its fu|( y c | osec j orien- 

tation. 

55 [0013] Figure 3 is n- em^r pod view of a portion of Fig- 
ure 2 showing the metenng plate in an open orientation 
and illustrating the fluid flow patterns in the vicinity of 
the metering plate 
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[001 4] Figure 4 is a longitudinal view of the valve sys- 
tem, as seen looking forwardly, illustrating a set of fluid 
flow regulating apertures, and two chains of metering 
plates for regulating fluid flow through the apertures. 
[0015] Figure 5 is a perspective view of a portion of 
the valve system of Figures 2 and 4. 
[0016] Figure 6 is a perspective view of a linkage for 
converting the linear output of a hydraulic actuator to an 
angular orientation of a valve system drive link. 
[0017] Referring to figure 1, a turbofan gas turbine en- 
gine 12 of the type commonly used for aircraft propul- 
sion includes a primary flowpath 14 annularly disposed 
about a longitudinally extending central axis 1 6. The en- 
gine has a low pressure compressor 1 8 and a high pres- 
sure compressor 22 each of which includes multiple ar- 
rays of blades 24 and vanes 26 that extend radially 
across the primary flowpath. The engine also includes 
a secondary flowpath 28, coannular with the primary 
flowpath. A fan 32 comprises arrays of fan blades 34 
and fan stator vanes 36 that extend radially across the 
secondary flowpath. A circumferentially extending an- 
nulus 38 is situated radially intermediate the primary and 
secondary flowpaths. 

[0018] During engine operation, a working medium 
gas 42 flows longitudinally through the flowpaths and is 
compressed by the fan and compressors. Under some 
engine operating conditions, it is desirable to temporar- 
ily divert a portion of the working medium gas out of the 
primary flowpath and into the secondary flowpath by 
way of annulus 38 to improve the aerodynamic stability 
of the low pressure compressor. A bleed valve arrange- 
ment is used to selectively regulate the flow of gas from 
the primary flowpath. 

[0019] Referring now to Figures 2 through 6, an im- 
proved valve system for regulating fluid flow from the 
primary flowpath 14 is illustrated. A partition 44 having 
a set of two or more flow regulating apertures 46, each 
bordered by a frame 48, defines the radially outer 
boundary of a plenum 52. The plenum is in flow com- 
munication with the primary flowpath 14 by virtue of a 
series of circumferentially distributed bleed ports 54. A 
plurality of metering plates, generically designated 56 
and individually designated 56a through 56h, are pivot- 
ably supported from the frame. As described more com- 
pletely hereinafter the metering plates cooperate with 
the flow regulating apertures to regulate fluid flow there- 
through. An optional porous screen, 58 prevents foreign 
objects from entering the primary flowpath by way of the 
apertures and plenum. As seen best in Fig. 4, the par- 
tition 44 is a circumferentially closed valve ring that de- 
fines the radially outermost perimeter of the plenum, and 
the metering plates are coupled together into one or 
more chains of metering plates with each metering plate 
being a member of one of the chains. In the illustrated 
embodiment, the metering plates are organized into two 
circumferentially oppositely extending chains -- chain 
60L including metering plates 56a through 56d, and 
chain 60R including metering plates 56e through 56h. 


[0020] The metering plates are supported on the 
frame 48 by trunnions 62 so that each plate is pivotable 
about a trunnion axis 64 between an open orientation 
(Figs. 3, 4) and a closed orientation (Figs. 2, 5) so that 
s fluid flow through the apertures may be regulated. If de- 
sired, a nonmetallic or metallic seal, such as seal 57 that 
borders the perimeter of metering plate 56g (Fig. 4), may 
be provided to inhibit fluid leakage through the apertures 
when the metering plates are in the closed orientation. 
10 However in the preferred embodiment, such seals are 
considered unnecessary. Each metering plate is config- 
ured so that an orienting moment M Q arising from une- 
qual fluid pressure acting against radially inner and out- 
er surfaces 66, 68 tends to pivot each plate away from 
15 its closed orientation and toward its open orientation. 
For example, the areas of surfaces 66, 68 may be dis- 
tributed relative to the trunnion axis so that the resultant 
force acts behind the trunnion axis (i.e. to the right of 
the axis as seen in Figure 2) thereby producing the il- 
20 lustrated counterclockwise moment. In the illustrated 
embodiment, the orienting moment is produced prima- 
rily as the result of the trunnion axis being longitudinally 
offset by a small distance d from laterally extending ap- 
erture centeriine 72 (for illustrative clarity the distance 
25 d is exaggerated in Figures 2 and 5; in practice, d is 
approximately .050 inches (1.3 millimeters) or about 1 % 
of the length L of a typical aperture). Regardless of how 
the orienting moment is produced, it should be large 
enough to urge the plates toward their open orientation, 
30 but small enough that an actuation system 90, which 
must overcome the moment during operation of the 
valve system, is not unduly burdened. 
[0021] The metering plates of each chain are succes- 
sively coupled together by a coupling system that in- 
35 eludes a transfer link 76 extending between neighboring 
metering plates. Each transfer link is rotatable about a 
rotational axis such as representative axis 78, and com- 
prises an assembly of telescoping sublinks, 76a and 
76b. coupled together by a spline connection 82. The 
-*o spline connection ensures that the two sublinks are 
corotatable while also being free to undergo slight rela- 
tive movement parallel to the rotational axis 78 to ac- 
commodate thermal expansion and contraction of the 
valve ring 44. The ends of each transfer link 76 are con- 
4 5 nected to adjacent metering plate trunnions 62 by a 
compliant connector such as a universal joint 84, capa- 
ble of conveying rotary motion and angular orientation 
between the metering plates despite the angular offset 
a between the trunnion axes 64. 
so [0022] The actuation system 90 governs the angular 
orientation p of the metering plates. The actuation sys- 
tem comprises an actuator 92 (Figs. 4, 6) and a drive 
system 94. The illustrated actuator is a conventional hy- 
draulic actuator having a substantially linear output ef- 
55 fected by a longitudinally extensible pushrod 96. The 
drive system comprises a drive mechanism 98, connect- 
ed to the actuator pushrod by a clevis 102. The drive 
mechanism extends radially through an opening 104 in 
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the valve ring 44 and also includes a pair of drive shafts 
106. A substantially fluid-tight two piece cover 108 (only 
one piece of which is shown in Fig. 6) is bolted to the 
valve ring to contain fluid that would otherwise leak from 
the plenum and into the secondary flowpath through the s 
opening 104. The drive shafts 106 project laterally 
through sidewalls 1 1 2 of the cover. The drive system al- 
so includes a pair of drive links 114. One end of each 
drive link is coupled to the exposed end of one of the 
drive shafts by a universal joint 116, and the other end w 
of each drive link is coupled toa metering plate trunnion 
by a similar universal joint 118. The drive links, like the 
transfer links, are a pair of telescoping sublinks coupled 
together by a spline connection 122. 

[0023] In normal operation, the linkage of drive mech- is 
anism 98 converts the linear output of the actuator to an 
angular orientation of the drive link. The drive link orien- 
tation is transferred to one of the metering plates of each 
metering plate chain, for example to plate 56a of chain 
60L. This orientation is transferred successively along 20 
each chain from plate to plate (e.g. from plate 56a to 
plate 56b; from plate 56b to plate 56c, and from plate 
56c to plate 56d) by rotary motion of the transfer links 
76 about their respective axes 78. The drive system thus 
governs the angular orientation of the metering plates 2s 
in response to the output of the actuator 92. The orien- 
tation of the metering plates, in turn, regulates fluid flow 
through the apertures. Because the magnitude of the 
orienting moment M c is modest, the actuator, which 
must overcome any moments imposed on the metering so 
plates, can be made light and compact. 
[0024] In the event that a drive shaft, a drive link or a 
.transfer link breaks, one or more metering plates will be 
rendered non responsive to the actuation system. How- 
ever the moment M Q arising from the offset distance d 35 
will urge the affected metering plates toward their open 
orientation thereby ensuring compression system sta- 
bility until the broken link can be replaced. As each me- 
tering plate pivots from a closed orientation toward its 
open orientation, the fluid pressure differential acting 40 
against metering plate surfaces 66, 68 becomes less 
pronounced and. consequently, the orienting moment 
M Q diminishes. Therefore, each metering plate is aero- 
dynamically contoured so that fluid flow around the 
plates (as illustrated by the interrupted flow arrows in 45 
Fig. 3) produces a compensatory moment M a that rein- 
forces the diminishing orienting moment M c . In the illus- 
trated embodiment, the aerodynamic contouring is 
achieved by means of a depression 57 and spoiler 59 
that turn the fluid stream to impose a reaction force so 
against metering plate surface 66. Depending on the 
specific fluid flow patterns and pressure distribution in 
the vicinity of the metering plate, other suitable aerody- 
namic shapes may also be employed. 
[0025] The valve system described herein is advan- ss 
tageous in many respects. Unlike the arrangement 
shown in the 4,827,713 patent to Peterson et al.. re- 
placement of faulty or worn valve system components 


can be carried out without significant disassembly of the 
engine. The transfer links, metering plates and many el- 
ements of the drive mechanism, including the drive 
links, are readily accessible upon removal of one or 
more access panels 124 at the radially inner boundary 
of the secondary flowpath. 

[0026] The valve system also avoids the problems in- 
herent in valve arrangements that rely on a supervisory 
member such as a unison ring to exercise parallel con- 
trol over one or more fluid flow regulating passages. 
These problems include valve positioning inaccuracies 
and unison ring binding due to mechanical and thermal 
distortion of the ring. By contrast, the metering plates of 
the present system are successively actuated through 
a set of rotatable drive and transfer links that are largely 
resistant to binding. Mechanical and thermal distortions 
are accommodated by the universal joints and spline 
connections. Moreover, the valve system is capable of 
orienting the metering plates with a high degree of ac- 
curacy so that the potentially troublesome seals, such 
as seal 57 or the resilient seals evident in some prior art 
designs, can be dispensed with if desired. In addition, 
the longitudinal offset between the trunnion axis and the 
aperture centerline helps to minimize actuator size and 
weight while ensuring that the metering plates are bi- 
ased toward the open orientation. 
[0027] Therefore, as may be seen from the above, the 
present invention at least in its preferred embodiments 
provides a valve system that can be operated without 
potentially troublesome unison rings and that does not 
require a heavy, bulky actuation system. 
[0028] It further provides a valve system that does not 
rely on deterioration prone resilient seals, and whose 
components are readily accessible without substantial 
disassembly of the engine. 

[0029] The present invention further provides a bleed 
valve system that is tolerant of the higher pressures and 
temperatures characteristic of newer generation turbine 
engines. 

[0030] In its preferred embodiment the present inven- 
tion is advantageous in several respects since the me- 
tering plates are successively coupled together rather 
than connected in parallel by a unison ring, the difficul- 
ties (e.g. binding) that accompany the use of unison 
rings are avoided. Moreover, the successively coupled 
metering plates can be accurately oriented, and there- 
fore are capable of minimizing leakage through the flow 
regulating apertures without the assistance of trouble 
prone resilient seals. Because the metering plate trun- 
nions are situated to produce no more than a gentle fail- 
safing moment about the pivotable supports, the actua- 
tion system can be made correspondingly light and com- 
pact. Finally, when the valve system is used as a bleed 
valve system in a turbine engine, many of the valve sys- 
tem components are readily accessible and replaceable 
without sign if icant disassembly of the engine. Moreover, 
the valve system is suitable for use at the higher pres- 
sures characteristic of newer generation turbine en- 
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gines. 

[0031] The invention is not limited to the above de- 
scribed embodiment. For example, the plenum bound- 
ary of the illustrated embodiment is a circumferentiaNy 
extending ring radially intermediate a pair of coannular 
flowpaths in a gas turbine engine. However the valve 
system may be employed in products other than gas tur- 
bine engines, and may be used with a plenum boundary 
that extends linearly rather than arcuately. The valve 
system as presented envisions a set of metering plates 
whose angular orientations are substantially equal 
throughout their entire range of motion. However the 
valve system may also include means for nonuniformly 
orienting the metering plates in the event that nonuni- 
form diversion of fluid from the plenum is desired. These 
and other changes : modifications and adaptations can 
be made without departing from the invention as set 
forth in the accompanying claims. 
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Claims 

1 . A valve system for regulating fluid flow, comprising: 

a partition having a set of flow regulating aper- 
tures (46) therein, 

a plurality of pivotably supported metering 
plates (56) s each metering plate cooperating 
with one of the flow regulating apertures to reg- 
ulate fluid flow therethrough; 
a coupling system successively coupling to- 
gether the metering plates to form one or more 
chains (60L. 60R) of metering plates, each me- 
tering plate being a member of one of the 
chains: and 

an actuation system (90) for governing the an- 
gular orientation of the metering plate members 
of each chain. 

I. The valve system of claim 1 wherein the coupling 
system comprises a transfer link (76) extending be- 
tween neighboring metering plates (56), each end 
of the transfer link being connected to a correspond- 
ing metering plate trunnion (62) by a compliant con- 
nector. 


20 


system responsive to the actuator output for gov- 
erning the angular orientation of the metering plates 
(56). 

The valve system of claim 5 wherein the drive sys- 
tem (94) comprises a drive mechanism (98) con- 
nected to the actuator and a drive link extending 
from the drive mechanism to a metering plate trun- 
nion (62). 

The valve system of any preceding claim wherein 
said partition forms a boundary of a plenum. 

The vafve system of any preceding claim wherein 
the apertures are formed in a circumferential ly 
closed ring. 

The valve system of any preceding claim wherein 
the metering plates (56) have an open orientation 
and a closed orientation and are configured so that 
an orienting moment (M 0 ) tends to pivot each plate 
away from its closed orientation and toward its open 
orientation. 


25 


30 


35 


40 


45 


The valve system of claim 2, wherein the compliant 
connector is a universal joint (84). 

The valve system of claim 2 or 3 wherein each 
transfer link (76) has a rotational axis (78) and com- 
prises a telescoping assembly of sublinks, the sub- 
links being corotatably coupled together and axially 
translatable with respect to each other. 

The valve system of any preceding claim wherein 
the actuation system (90) comprises an actuator 
(92) having a substantially linear output and a drive 


so 
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10. The valve system of claim 9 wherein the metering 
plates (56) are aerodynamically contoured to rein- 
force the orienting moment. 

11. A bleed valve system for regulating fluid flow from 
a plenum (52) in a turbine engine, comprising: 

a ring (44) circumscribing the plenum and hav- 
ing a set of circumferentially distributed flow 
regulating apertures (46) therein, the ring form- 
ing a boundary of the plenum; 
two circumferentially oppositely extending 
chains (60L, 60R) of pivotably supported me- 
tering plates (56), each metering plate being a 
member of one of the chains and cooperating 
with one of the flow regulating apertures to reg- 
ulate fluid flow therethrough; 
an actuation system (90) comprising an actua- 
tor (92) having a substantially linear output, a 
drive mechanism (98) responsive to the actua- 
tor output and a pair of rotatable drive links 
(106) responsive to the drive mechanism, each 
drive link extending from the drive mechanism 
to one of the metering plate chains; and 
a set of transfer links extending between the 
metering plate members of each chain for suc- 
cessively coupling the members together. 

12. The bleed valve system of claim 1 1 , wherein the me- 
tering plates (56) are supported on trunnions (62) 
and each metering plate has an open orientation 
and a closed orientation and the trunnions are situ- 
ated so that fluid pressure acting on the metering 
plates imposes an orienting moment (M 0 ) about the 
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trunnions that biases the metering plates toward the 
open orientation, and the metering plates are aero- 
dynamically contoured to reinforce the orienting 
moment. 
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(54) Bleed valve system 


(57) The invention is a valve system particularly 
useful as a bleed valve system in a gas turbine engine. 
The valve system includes a valve ring or partition (44) 
that bounds a plenum (52). The valve ring has a set of 
two or more fluid flow regulating apertures (46). and one 
or more chains (60L, 60R) of metering plates (56). Each 
metering plate is pivotably supported relative to one of 
the apertures (46) to regulate fluid flow through the ap- 


erture. A coupling system that includes a series of trans- 
fer links (76) extending between neighboring metering 
plates successively conveys pivotal motion and angular 
orientation from each metering plate to the successive 
metering plate ir tne chain. An actuation system (90) 
includes a drive system (94) responsive to an actuator 
(92) for govern- - angular orientation of the meter- 
ing plates 
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